In this paper the organisation of reliability compliance testing of electronic components in Poland is discussed. The aim of the testing is to find the reliability of the components to both producer and user and hence to establish reliability for the two parties. The system described is derived from standard methods and has two aims. These are:-l) To enable periodical checks of production to be made. 2) To estimate the reliability level of the components produced.
INTRODUCTION
The present paper was originally given as a lecture in the Technical Sessions Programme of Productronica 1979, held in Munich in November of that year. As a result of the discussions held and comments received the present paper has been written.
It would appear that the reliability problems of consumer electronics are widely known. This implies that they do not concern a single firm or a particular country. General agreement on reliability has to be reached between manufacturers and users of components for consumer electronics. In the case of professional electronics involving military, space, and professional industrial uses, problems have already been tackled and normalised views on reliability have been evolved.
However, in the case of consumer electronics these problems have not been entirely eliminated. This situation exists due to the economic problems which influence the limitation of activities in the sphere of general purpose components. Furthermore, there is an understandable unwillingness of the manufacturers of components and equipments to reveal the necessary data such as reliability level, reliability assurance methods used and the test organisation involved. This paper presents methods for reliability testing which have become acceptable by the Polish industry associated with electronic component manufacture, particularly with regard to radio and TV devices. It is worth emphasising that the system to be described concerns only those components for which classical reliability tests are required. It is not intended to discuss physical compliance testing, screening tests etc.
Previous lectures have been presented which discuss reliability testing methods in a theoretical and mathematical manner. However, few authors describe practical detail of their systems. This paper, however, which is in the nature of a review, gives practical details of reliability control by compliance testing methods.
SYSTEM OF RELIABILITY COMPLIANCE TESTING USED IN UNITRA-ELEKTRON

General Information
Although nowadays there are methods allowing us to shorten the testing time and although nondestructive accelerated tests have been introduced into the technological process (e.g. Real Time Control of RCA) the most important role in reliability assurance still belongs to the test organization. The general trend is to acquire, in a time that is as short as possible, reliable and full information on reliability levels. This is especially true for general purpose components.
The system mentioned above requires an appropriate organization of the reliability compliance testing. The basic rules of the system are defined, among others by IEC Publications 409,1 410, and 605-7.
Rules of the System
The testing procedure covers individual families of components, (i.e. components from one technological area) or groups of components, within one family, if they differ in reliability level. The family of components implies products of similar construction and technology. These products must be produced by an individual manufacturer who applies the same standards with regard to materials and methods throughout production.
The mathematical aspect of the system is based on the assumption that electronic components destined for consumer electronics are characterized by a Weibull failure-in-time distribution. Parameters of this distribution, i.e. the shape factor t and scale Q, are assumed or known from the determination tests. 4, 5 These tests are carried out on the initial production groups of the components as a qualifying test. The shape factor, , is assumed from previous experience with components of a similar construction, and produced under similar conditions. If this is not possible, a first approach value of d is assumed (i.e. an exponential distribution).
Partial testing of a continuing series of lots are the basic elements of the present system with the lots being examined over a single year. The controlled reliability level is defined by the confidence interval of the assessed failure rate h ( Figure 1 ).
Consequently the plan of one-year testing can be defined for a given value of the parameter, , by the indicator AQL/1000 h. Examples of the testing plans and of their corresponding intervals and for different fixed values of are shown in Figure 2 . These examples cover two versions of the partial tests for a different acceptable number of failures. 1000 hours has been accepted here as the basic testing time. However, there is a possibility of shortening this time in the case where an adequate change of AQL and of the sample size can still allow the determination of the parameter d. The tests are carried out successively on products chosen by lot in established intervals, not less than eight times a year. The number of partial tests and the sample size are chosen in such a way as to give a one year testing plan. Thus it is possible to check the assumed reliability level. Part of the partial tests are carried out over a period longer than 1000 h. This is to permit the verification of the type of failure distribution used and is undertaken every 2-3 years. Results obtained in testing are primarily destined for the manufacturer. They are also transferred to the Quality Centre UNITRA-ELEKTRON, which has all the equipment for carrying out verification tests. In the case where the reliability requirements, AQL/1000 h, are the specifications agreed with the customers of the components, then the results are also delivered to the buyers after the finish of each of the partial tests. The same happens with the results of the "periodical testing"? Thus the system is involved with the checking of the reliability level of all the components from the batch production, and the manufacturer of the consumer electronics takes an active part in the process. Also the data transferred to the Quality Centre helps in evaluating the average value of failure rate of the components. From the accumulated data and using the Bayesian formula it is possible to define the dimension *.",' The calculated values of the failure rate applied by the manufacturer in predicting the reliability are printed in special bulletins which are then delivered to the buyers of the components, s,' Dependence the shape parameter d on capacity of polyester film capacitors.
ACCELERATED RELIABILITY TESTS IN THE SYSTEM OF CHECKING PLASTIC FILM CAPACITORS
preference for the accelerated methods based on extreme test conditions (test-stress levels above maximum rated conditions). 5 ,n These methods quickly supply us with data on the basic failure mechanisms, and due to the possibilities of converting them into the typical use stress conditions they allow us to check the assumed reliability requirements, (AQL/1000 h), as agreed with the receiver of the components. Life curves of polyester film/foil capacitors. U N 400 V, TAm 85C.
I-I 99. e) The exponent n, 10 and it depends neither on temperature nor on voltage when the electric field, Eg, is as indicated in paragraph (c)
f) The voltage has been chosen as the over stressing parameter since temperature in the interval of +40C to 120C exerts little influence on the kinetics of the degradation process. g) For the failure criteria we accepted that: In order to check the correctness of the applied methodology, comparative tests have been carried out in conditions where normal and above normal loads were used. Table I summarizes these tests, carried out on capacitors chosen from one production batch. DISCUSSION AND SUMMARY Three main advantages are present in the implementation of the system of reliability compliance testing of electronic components for consumer equipment developed at UNITRA-ELEKTRON. These are:-l) the increase in reliability level of these components.
2) the regulation of mutual liability in the field of reliability among manufacturers of components and manufacturers of consumer equipment.
3) the development of information on reliability.
The results achieved in the implementation of accelerated tests on polyester capacitors described in this report is the best example to date of the improvement of reliability level. During the course of about three years a sevenfold decrease in the average failure rate has been achieved. This has been reflected in the results of the analysis of radio and TV set failures. In 1975, 0.8% of the total consumer equipment repairs were caused by failures of plastic film capacitors. Now this has been reduced down to 0.2%.
